The asymptotic giant branch (AGB) phase is the final stage of nuclear burning for low-mass stars. Although Milky Way globular clusters are now known to harbour (at least) two generations of stars 1, 2 , they still provide relatively homogeneous samples of stars that are used to constrain stellar evolution theory [3] [4] [5] . It is predicted by stellar models that the majority of cluster stars with masses around the current turnoff mass (that is, the mass of the stars that are currently leaving the main sequence phase) will evolve through the AGB phase 6, 7 . Here we report that all of the second-generation stars in the globular cluster NGC 6752-70 per cent of the cluster population-fail to reach the AGB phase. Through spectroscopic abundance measurements, we found that every AGB star in our sample has a low sodium abundance, indicating that they are exclusively first-generation stars. This implies that many clusters cannot reliably be used for star counts to test stellar evolution timescales if the AGB population is included. We have no clear explanation for this observation.
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We obtained high-resolution spectra (R < 24,000) for a sample of 20 AGB stars and 24 red giant branch stars in the Galactic globular cluster NGC 6752. The spectral coverage included the strong Na I doublet at 5,680 Å . In Fig. 1 we show the stellar sample. We include red giant branch stars as a control group, because it has previously been shown that this evolutionary population harbours the standard abundance distributions, including the well-known Na-O anticorrelation present in all globular clusters 8 . Our sodium abundance results are shown in Fig. 2 . The red giant branch sample shows the usual spread in [Na/Fe] 5 log 10 (N Na /N Fe ) star 2 log 10 (N Na /N Fe ) Sun of roughly 1 dex (N x is the number density of atoms of each elemental species). On the other hand, the AGB result is striking-all the AGB stars in our sample lie at the low end of the red giant branch distribution. The upper envelope of the AGB sodium abundances is located at about [Na/Fe] 5 0.18 dex. This corresponds very closely to a previous red giant branch study that defines the Napoor, first-generation population as having [Na/Fe] = 0.2 dex (their 'Primordial' population) 1 . We find the proportion of Na-poor to Narich red giant branch stars in our data to be 30:70. This also corresponds well to the roughly 30:70 proportions found previously 1 . Thus all of our AGB stars appear to be first-generation stars, giving a first generation to second generation ratio change from 30:70 in the red giant branch population to 100:0 in the AGB population. The range in [Na/Fe] in our AGB sample is very small, with a mean of -0.07 dex and a standard deviation of 0.10 dex. This scatter is comparable to our internal uncertainties ( Fig. 2 and Supplementary Table 1), which suggests that the AGB stars may have a uniform abundance of Na.
Our results indicate that the entire population of second-generation stars, having increased levels of Na, must fail to enter the AGB phase. This is a very significant effect, because the second-generation population contains the majority of the stars in NGC 6752 (70%). Although two studies have theorized that some AGB stars may not ascend the AGB in NGC 6752 (refs 9, 10) , this has been based on low-resolution cyanogen band strength observations. It is known that these observations are affected by many uncertainties 11 , including the in situ variation of C and N along the red giant branch 12 . Measurement of elemental Na is more robust, because Na is not affected by molecular band formation uncertainties and stars of these masses (,0.8 solar masses) cannot alter their Na abundances in situ. In particular, a reduction in surface Na would require very high temperatures at the base of the convective envelope. This is only achieved in much more massive stars (>4 solar masses), via 'hot bottom burning' nucleosynthesis 13 . Thus the result presented here is to our knowledge the first conclusive confirmation that stars of certain chemical composition do not ascend the AGB. Moreover, we can readily identify which stars avoid the AGB on the basis of their Na content.
An obvious consequence of such a large proportion of stars avoiding the AGB is that there should currently be many fewer stars in the AGB phase than expected. A detailed study reporting star counts of globular cluster populations finds a value of R 2 5 N AGB /N HB < 0.06 for NGC 6752 (ref. 14; N AGB and N HB are the number of AGB and horizontal branch stars, respectively). This is one of the lowest R 2 values in their globular cluster sample. The globular clusters with the two highest R 2 values in their sample (M 5 and M 55) could be assumed to provide an upper limit to R 2 , because R 2 is fairly insensitive to metallicity, He abundance and globular cluster age 15 . This upper value is roughly 0.18, that is, a factor of 3 higher than that of NGC 6752. This is indeed consistent with our result of >70% of stars not ascending the AGB. Current stellar model predictions for R 2 tend to be lower than 0.18, being around 0.12-0.15 (refs 15, 16) ; however, the models are known to suffer from significant uncertainties 16 . We note that the observed R 2 value for NGC 6752 is still at least a factor of 2 smaller than the model predictions.
Studies of the stage of evolution directly preceding the AGB, the horizontal branch phase, can shed light on the AGB avoidance phenomenon. One recent investigation into the Na abundances in a sample of horizontal branch stars in NGC 6752 showed that the redder end of the horizontal branch (NGC 6752 only has a blue horizontal branch) contains only Na-poor stars 17 (see Supplementary Information section 2 for more discussion). This implies that it is the bluer (presumably Na-rich) horizontal branch stars that must avoid AGB ascent, leaving only the redder, Na-poor horizontal branch stars to populate the AGB of NGC 6752. Combining this information with our ratio of Na-poor to Na-rich stars (Fig. 2) , we can estimate the horizontal branch colour at which stars fail to ascend the AGB. We find an 'ascension cut-off' colour that coincides exactly with the colour for the 'Grundahl jump'. The Grundahl jump is a discontinuity in horizontal branch morphology which is seen in all globular clusters studied to date whose horizontal branch extends beyond an effective temperature of ,11,500 K (refs 18, 19) . Thus it appears that all stars bluer than the Grundahl jump do not ascend the AGB, at least in NGC 6752. This may represent further evidence that there is some fundamental change in the stellar atmosphere structure and/or mass-loss physics occurring at the Grundahl jump temperature 18 . We have calculated some stellar models to compare with the photometric observations. The model results are shown in Fig. 3 . The model representative of the first-generation stars populates the redder end of the horizontal branch, before the Grundahl jump, as expected. It then continues to the AGB. The model representative of the He-rich second-generation stars (presumed to correspond to the Na-rich population) populates the bluer end of the horizontal branch (after the Grundahl jump), and also continues to the AGB. Thus our secondgeneration model cannot account for the lack of ascension of the ; gravities were then computed from stellar luminosities and the derived temperatures (with assumed stellar mass M of 0.8 solar masses, and distance modulus of (m -M) V 5 13.30), while microturbulence values j were computed using a relation from the literature 23 . A metallicity of [Fe/H] 5 21.54 dex (ref. 8 ) was adopted for all stars. Although the lines under scrutiny are known to be not largely affected by departures from local thermodynamic equilibrium at these metallicities and temperatures (at most 0.15 dex), we applied non local thermodynamic equilibrium corrections 24 to our Na abundances. Error bars show the random (internal) uncertainties (see also Supplementary Table 1 ). The uncertainties were estimated by adding, in quadrature, errors due to the equivalent width measurements and those related to stellar parameters. The latter were evaluated in the standard way, by varying one parameter at a time and inspecting the corresponding variation in the resulting abundances. We adopted errors of . The usual Reimers mass loss rate 27 was used for the red giant branch and horizontal branch (with g 5 0.48 for the models with normal mass-loss). Transformations from the theoretical luminosity-T eff plane to the colour-magnitude diagram have been made 28 .
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Na-rich blue horizontal branch stars in this part of the colourmagnitude diagram. We note that an increased mass loss rate during the red giant branch phase would result in a bluer zero-age horizontal branch star (see Supplementary Information section 3 for more detail), so this can not be a solution, because the colour-magnitude diagram is clearly populated in this region. We speculate that one solution to this problem may be that the horizontal branch stars blueward of the Grundahl jump experience enhanced mass loss. To test this, we artificially increased the mass loss rate in the second-generation model during its horizontal branch phase by an ad hoc factor of 20 (Fig. 3 ). Indeed this model can populate the blue end of the horizontal branch and also fail to become an AGB star. We note however that this test is purely hypothetical and, although this result may provide a starting point, a thorough investigation into the reasons behind the discordance between theory and observation is sorely needed. There is currently no clear explanation for such a high proportion of failed AGB stars.
Finally, because globular clusters are often used to test stellar evolution theory, the extremely high AGB failure rate reported here will affect any test which uses star counts of AGB stars. This is true of the R method used to check the lifetimes of various phases of evolution. In particular, the R9, R 1 and R 2 values 3,4,14 all involve the number of AGB stars, so these values will be flawed (including the globular cluster He values inferred from them). This is particularly important if the globular clusters in question have blue extensions to their horizontal branches, because it is the blue horizontal branch stars that appear not to ascend the AGB. Star number counts used to ascertain AGB lifetimes will also be misleading, unless the proportion of AGB ascenders is known somehow-for example, via an ascension cut-off in Na abundance or horizontal branch colour.
